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012.05.0Abstract Background: Myocardial bridge (MB) is deﬁned as a segment of a major epicardial cor-
onary artery the ‘‘tunneled artery’’ that goes intramurally through the myocardium beneath the
muscle bridge. Multiple methods have been proposed to assess coronary ﬂow rate among which
thrombolysis in acute myocardial infarction frame count was a relatively new semiquantitative
method.
Objectives: Our goal was to determine incidence of MB in the patients undergoing coronary angi-
ography in Mansoura Specialized Hospital, Cardiac Catheterization Laboratory, also to investigate
the hypothesis that slow coronary ﬂow rate may be linked to angina or angina like symptoms in
patients with MB without stenotic lesions in epicardial coronary arteries using TFC.
Patients and methods: Fifteen patients with MB (group I) were retrospectively collected from
Mansoura Specialized Hospital, Cardiac Catheterization Laboratory, we review 3000 cases referred
to diagnostic coronary angiography to exclude signiﬁcant coronary artery disease. Fifteen patients
with normal coronary angiography served as control (group II). We review the clinical presenta-
tions, risk factors, echocardiographic data for both test and control groups. TFC was calculated
using a simple continuous index.
Results: The incidence of MB in our study was 0.5%. CTFC in LAD was signiﬁcantly higher in the
patients with MB compared with control. No signiﬁcant correlation between TFC and echocardio-
graphic parameters.
Conclusions: Myocardial bridging must be considered especially in patients at low risk for coronary
atherosclerosis but with angina like chest pain or established myocardial ischemia. We suggest that
coronary blood ﬂow is decreased in the patients with MB compared with the patients having normal
coronary.
ª 2012 Egyptian Society of Cardiology. Production and hosting by Elsevier B.V. All rights reserved.(E.M. Daoud).
tian Society of Cardiology.
g by Elsevier
ardiology. Production and hostin
031. Introduction
Myocardial bridge (MB) is deﬁned as a segment of a major epi-
cardial coronary artery the ‘‘tunneled artery’’ that goes intra-
murally through the myocardium beneath the muscle bridge.
Although it is considered as a benign anomaly, it may lead
to many complications as acute myocardial infarction,g by Elsevier B.V. All rights reserved.
66 E.M. Daoud, A.A. Wafaventricular tachycardia, syncope, atrioventricular block, and
sudden cardiac death.1,2 It can be encountered in 0.5–2.5%
of routine coronary angiographies.3
The interventional cardiologists now generally agree that
angiographically, the systolic narrowing compression of the
arterial lumen is caused by a myocardial bridge.4–8
The coronary ﬂow rate is the most important determinant
of myocardial oxygen supply.9 Multiple methods have been
proposed to assess coronary ﬂow rate among which thrombol-
ysis in acute myocardial infarction frame count (TFC) was a
relatively new semiquantitative method.10 It is a standardized
assessment of coronary ﬂow using a simple continuous index:
The number of cineframes required for contrast material to
ﬁrst reach standard distal coronary landmark in infarct related
artery.
Many studies have shown that diastolic ﬂow could be dis-
turbed, particularly at faster heart rates in the patients with
MB.11,12
TIMI frame count is a simple and inexpensive technique for
the measurement of coronary blood ﬂow.10 It has been implied
that higher TFC indicates decreased coronary blood ﬂow vol-
ume, and a lower TFC suggests more normal ﬂow. It has also
suggested that a higher TFC may reﬂect the disordered resis-
tance vessel function.10
2. Objectives
The aim of this study was to determine the incidence of MB in
patients undergoing coronary angiography in Cardiac Cathe-
terization Laboratory, Mansoura Specialized Medical Hospi-
tal, and also to investigate the hypothesis that slow coronary
ﬂow rate may be linked to angina or angina like symptoms
in patients with MB without stenotic lesions in epicardial cor-
onary arteries using TFC.
3. Patients and methods
Fifteen patients with MB (group I) were retrospectively col-
lected from Cardiac Catheterization Laboratory, Mansoura
Specialized Medical Hospital. We review 3000 cases done from
January 2008 to December 2010.
Patients included in the study were presented with chest
pain with dyspnea or palpitation in the presence of CAD risk
factors and were referred for diagnostic coronary angiography
to exclude signiﬁcant coronary artery disease.
The patients with impaired left ventricular (LV) systolic
function and angiographically documented CAD including
spasm, plaque, ectasia or obstructive lesion were excluded
from the study.
A control group (group II) of 15 patients with normal cor-
onary angiography were selected from patients referred for
coronary angiography for the evaluation of the recurrent chest
pain and non-diagnostic exercise stress test.
The coronary angiography procedure was explained for all
patients and was done after taking a written consent from
every patient.
3.1. Echo Doppler study
Two dimensional echo Doppler study was done for all patients
in the periangiography period according to the American soci-ety of echocardiography guidelines13 to assess LV dimensions,
EF, IVST, PWT and mitral E/A ratio.
3.2. Coronary angiography
Left heart catheterization and coronary angiography were
done according to the guidelines described elsewhere.14
3.3. TIMI frame count (TFC)
One of our investigators completely blinded to the clinical pro-
ﬁle of the patients included calculated frame counts from cor-
onary angiograms using Rubo software package.
The ﬁrst frame used for TIMI frame counting is the ﬁrst
frame in which dye fully enters the artery. This occurs when
three criteria are met: (1) A column of nearly full or fully con-
centrated dye must extend across the entire width of the origin
of the artery; (2) Dye must touch both borders of the origin of
the artery; and (3) There must be antegrade motion to the dye.
The last frame is counted or included as one of the frames
and is deﬁned as the frame when dye ﬁrst enters the distal land-
mark branch. Full opaciﬁcation of the branch is not required.
Often, the last frame is best determined by running the cine
ﬁlm past the initial opaciﬁcation of the end-point branch and
then moving frame by frame in reverse until the end-point
branch disappears. Care must be taken to advance one frame
forward once the dye disappears to identify the frame in which
dye ﬁrst appears.10
The following distal landmark branches are used for analy-
sis: In the LAD, the distal bifurcation of the LAD (i.e. the
‘‘mustache’’, ‘pitchfork’’ or ‘‘whale’s tail’’), in the circumﬂex
system, the distal bifurcation of the segment with the longest
total distance from the origin (we adapted this consistent def-
inition because there was no culprit lesions in our study popu-
lations) and in the RCA, the ﬁrst branch of the posterolateral
artery. Proper panning is essential for counting the number of
cineframes required to ﬁrst opacify the distal artery, particu-
larly the LAD. A correction factor is required to compensate
for the longer length of the left anterior descending artery
(LAD) compared with the circumﬂex and right coronary arter-
ies (the number of frames required for dye to traverse the LAD
is divided by 1.7). The frame count number after the adjust-
ment of vessel length is given the term ‘corrected TIMI frame
count’ (CTFC).10
The TIMI frame count of the LAD and circumﬂex arteries
often is assessed best in either the right or left anterior oblique
views with caudal angulation and the RCA often is assessed
best in left anterior oblique projection with steep cranial
angulation.10
4. Statistical analysis
Data were analyzed using SPSS (Statistical Package for Social
Sciences) version 10. Qualitative data were presented as num-
ber and percent. Comparison between groups was done by
Chi-Square test. Quantitative data were tested for normality
by Kolmogrov–Smirnov test. Normally distributed data were
presented as mean ± SD. Student’s t-test was used to compare
between two groups. Pearson’s correlation coefﬁcient was used
to test correlation between variables. P< 0.05 was considered
to be statistically signiﬁcant.
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Figure 1 Comparative analysis of TFC between MB group and control group.
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Table 2 shows signiﬁcant increase in the number of the patients
with typical ischemic chest pain (P= 0.028). As regards echo-
cardiographic parameters there was signiﬁcant increase of
IVST & PWT and signiﬁcant decrease of E/A ratio when com-
pared MB group with the control group p= 0.004; p< 0.001
and p< 0.001 respectively.
Table 3 shows signiﬁcant increase CTFC in LADwhen com-
pared MB group with the control group (P< 0.001) (Fig. 1).
Table 4 shows that no signiﬁcant correlations between TFC
and echocardiographic parameters (P> 0.05).
6. Discussion
The incidence and pathophysiologic signiﬁcance of myocardial
bridges have been controversial since their initial description
by Grainicianu in the 1920s. Not surprisingly, pathologic eval-
uation of autopsy specimen had revealed a relatively substan-
tial number of myocardial bridges and in some autopsy series
it was as high as 80%.2,15Figure 2 Coronary angiography lateral projection showing systo
B = diastole).By contrast numerous, small, angiography studies have
found a much lower percentage of patients with detectable
myocardial bridges. The estimated frequency that has been re-
ported varies from 1% to 16% when assessed by coronary
angiography.2,15 This disparity is likely due to the lack of sen-
sitivity of the angiogram in detecting small changes in the cal-
iber of coronary arteries. The angiographic manifestations
depend on the following features: the thickness and the length
of the myocardial bridge, the reciprocal orientation of the cor-
onary artery and myocardial ﬁbers; the presence of loose con-
nective or adipose tissue around the bridged segment; the
intrinsic tone of the wall of the coronary artery and the state
of myocardial contractility.8
In this study only 0.5% of over 3000 patients demonstrated
isolated myocardial bridges (Table 1). A possible explanation
for the low frequency of MB in this study is the fact that
50% systolic narrowing was required for the designation of
myocardial bridge. Another tempting speculation would have
been that there might be genetic variation that may contribute
in the different incidence of myocardial bridges among differ-
ent populations.lic narrowing of mid LAD (myocardial bridge) (A = systole,
Table 1 Incidence and site of myocardial bridge.
Total number of patients reviewed Number of cases with angiographically diagnosed MB Percentage Coronary artery involved
3000 15 0.5% LAD 15 (100%)
Mid LAD Dist LAD
13 (86.7%) 2 (13.3%)
Table 2 Demographic data, clinical, risk factors and echocardiographic characteristics of studied groups.
Variable Isolated MB group (group I) (N= 15) Control group (group II) (n= 15) P value
Age (year) 49.9 ± 3.6 51.4 ± 3.0 0.244
Male/female 11/4 10/5 0.690
Typical ischemic chest pain 10 (66.7%) 4 (26.7%) 0.028*
Diabetes mellitus 7 (46.7%) 5 (33.3%) 0.456
Hypertension 8 (53.3%) 4 (26.7%) 0.136
Dyslipidemia 7 (46.7%) 3 (20%) 0.121
Smoking 7 (46.7%) 6 (40%) 0.713
Obesity 3 (20%) 3 (20%) 1.000
ESD 2.88 ± 0.25 2.9 ± 0.28 0.838
EDD 4.77 ± 0.49 4.75 ± 0.35 0.932
IVST 1.27 ± 0.14 1.13 ± 0.09 0.004*
PWT 1.34 ± 0.15 1.15 ± 0.08 <0.001*
EF% 65.6 ± 3.2 65.3 ± 3.3 0.782
Mitral E/A ratio 1.03 ± 0.15 1.56 ± 0.15 <0.001*
ESD= End systolic diameter, EDD= End diastolic diameter, IVST = Interventricular septum thickness, PWT= Posterior wall thickness,
EF = Ejection fraction, Mitral E/A =Mitral early to late diastolic velocities,* = signiﬁcant.
Table 3 Comparative analysis of TFC between MB group and control group.
Variable Test group I (Isolated MB) (N= 15) Control group GII (n= 15) P value
Corrected TFC in LAD (frame) 25 ± 1.46 21.8 ± 1.32 <0.001*
TFC in LCx (frame) 22.27 ± 1.53 21.80 ± 1.37 0.387
TFC in RCA (frame) 22.93 ± 1.22 22.47 ± 1.36 0.331
*
=signiﬁcant
68 E.M. Daoud, A.A. WafaIn the present study 100% of patients had myocardial
bridge of the left descending coronary artery, 86.7% affecting
the middle segment (Fig. 2) while 13.3% affecting the distal
segment of the left descending coronary artery (Table 1).
Previous studies showed that myocardial bridges were usu-
ally found in the mid LAD and they were rarely found over the
right coronary artery or the left circumﬂex coronary
artery.7,16,17
In the present study, history of typical anginal pain was
more evident in myocardial bridge patients than control pa-
tients but there was no signiﬁcant difference between both
groups as regards atherosclerosis risk factors (diabetes melli-
tus, hypertension, smoking, dyslipidemia and obesity) (Ta-
ble 2). So, the diagnosis of clinically important myocardial
bridging may be considered in the patients who have angina
and do not have the traditional risk factors and the evidence
of ischemia.18,19
In our study transthoracic echocardiography demon-
strated relaxative type diastolic dysfunction with normal sys-
tolic and diastolic left ventricle internal diameters.
Interventricular septum and left ventricular wall thickness
were signiﬁcantly increased in MB patients than control pa-
tients (Table 2). These results agree with the result of Arat
et al.20 Noble et al.4 and Ishimori et al.5 who observedthe relationship between hypertrophied myocardium and
myocardial bridge. In their series they found 4 out of 5 cases
with left ventricular hypertrophy and 4 of 11 cases of left
ventricular hypertrophy. They suggested that hypertrophied
myocardium might compound the extent of systolic
compression.
The corrected TIMI Frame count (CTFC) is a simple, inex-
pensive, reproducible, quantitative method to assess coronary
ﬂow reserve and is highly correlated (r= 0.88, P< 0.001)
with coronary ﬂow reserve measurements obtained using
Doppler guide wire21 It is also correlated with volumetric ﬂow
and resting distal average peak velocity.22 Since this method
provides an excellent quantiﬁcation of coronary ﬂow we pre-
ferred to use this method in our study.
In the present study we have observed that CTFC in the pa-
tients with myocardial bridge was higher than in those with
normal coronary arteries (Table 3). It can be speculated, there-
fore, that coronary blood ﬂow velocity is impaired in patients
with myocardial bridge compared to patients having normal
coronary arteries. Barutcu et al.23 (concluded that CTFC of
the patients with MB was higher than those with normal cor-
onary arteries.
This study showed no signiﬁcant correlations between TFC
and echocardiographic parameters (Table 4).
Table 4 Correlations between TFC and echocardiographic parameters.
Corrected TFC in LAD TFC in LCx TFC in RCA
ESD r 0.365 0.187 0.120
P 0.181 0.505 0.671
EDD r 0.109 0.003 0.123
P 0.698 0.991 0.662
IVST r 0.279 0.122 0.028
P 0.313 0.664 0.921
PWT r 0.283 0.289 0.241
P 0.306 0.297 0.386
EF% r 0.122 0.272 0.134
P 0.665 0.327 0.634
Mitral E/A ratio r 0.032 0.089 0.447
P 0.910 0.752 0.095
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systole and because myocardial bridging is a systolic event on
angiography, its clinical signiﬁcance and relevance have been
questioned. The presence of tachycardia could unmask the
ischemic effect of a myocardial bridge by shortening of the dia-
stolic period and increasing the importance of the systolic
blood ﬂow.2 Also, tachycardia may worsen ischemia because
of a decrease in diastolic ﬁlling time and in coronary ﬂow re-
serve.24 According to one hypothesis, systolic kinking of the
blood vessel may cause trauma to the intima and damage to
the endothelium, especially at high heart rate. This in turn,
could produce platelet aggregation and vasospasm and result
in acute coronary syndrome.25
Angiographic and intravascular ultrasonographic studies
demonstrated that vessel compression during systole is fol-
lowed by the delay in the increase in luminal diameter during
diastole, thus affecting the predominant phase of coronary
perfusion, especially during episodes of tachycardia. These
data suggest that angina, acute coronary syndromes, and
arrhythmias in patients with myocardial bridging may be ex-
plained by the reduced ischemic threshold.26
Also, endothelial function is impaired in patients with MB
and there is increased tendency for atherosclerosis proximal to
the bridge in patient with MB. Endothelial dysfunction in the
patients with MB is not only at the level of the coronary arter-
ies but also is a widespread condition in the conductance ves-
sels. Endothelial functions are impaired in the patients with
MB just like in the coronary artery disease. This impairment
is more severe when atherosclerosis develops proximal to the
MB. It is useful to approach to MB as not only a mechanical
systolic compression but also as an abnormality affecting the
endothelial function.27
7. Study limitations
 TIMI frame count does not assess ischemia but assesses
only abnormalities of coronary blood ﬂow.
 Myocardial bridge was deﬁned by visual estimation:
therefore, deﬁnitive percent narrowing of MB could
have not been detected.
 Our study is semiquantitative analysis of coronary ﬂow
rate using TFC as a surrogate marker of coronary ﬂow
rate. More accurate determination of coronary ﬂow rate
using intracoronary Doppler wire allows accurate deter-
mination of coronary artery ﬂow velocity. We did not study the coronary ﬂow reserve in those
patients with MB.
 Lastly, we should have identiﬁed the incidence of slow
ﬂow in other patients without MB and compared it to
those with MB as both conditions may be coincidental
(slow ﬂow may not be caused by MB) and we recom-
mend this in further study.
8. Conclusion
Myocardial bridging must be considered especially in patients
at low risk for coronary atherosclerosis but with angina like
chest pain or established myocardial ischemia. We suggest that
coronary blood ﬂow is decreased in the patients with MB com-
pared with patients having normal coronary arteries. Large
multicenter clinical database is required to identify criteria that
justify the link between clinical signs or symptoms and the
myocardial bridge as the primary culprit.References
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